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[#ifff*©SSB] 

Brawn *mwmmts m&mtmisLkm&z 

MIB^ * ^TciS^-^fr-r § S' »J 3 y^f ma, Tffi3fi$ 
©*i©«*fc, ±IBfi8©» 2 Jgi©fUi 

tufas' 'J 3 >»flJ|K:^**tifc^ *;1/7C*©JPS#I«I 
2 ] ME* 'J 3 yg?{t§?&£ 6 fcS**-^ 

U 

tufas' y 3 ymitMK^tnrcmm<omtij\PiK^ 
rawss 3 ] Mia^y 3 >m&mK^-$tirc* *;wc 

Ma, Zr, Hf, A lRtfLaO»<Dif*»5aS??n 
«HE»JO^^;WSRtt, Zr, Hf, AlRtfLaOP 

t**U ;*#;b7c^©¥£;£iFaK33tt3iig#^8§ 

1 ©««Xtt8 3 ©SWfcftfcjSfcW'r * £;W5fS 
X@*U 30 

mib^ *>wc*««*rr *#*ks/ y 3 >««iMb t 

im^m 6 ] wes^ y 3 >mKo«ii*»ftr*ia 
tzmmtirzm&m 5 MBK©¥*ft 

gg©S!)£73j£o 

[M&9I 7 ] «fflSN&K-> y 3 * *;l/V-7. t 
z/ y 3 > y-x*j§v»fc cvDtio Testis c £ 

f 5 tfHtt©*«*SS©^iim 40 

OS** 8 ] MIB^ #;Vy-x&iu1E^ ^;Vt^©^d 
V yfcMn%> t> ^ tufas' y 3 y y-x&S' y 3 y ©7j<* 
As**** c tzmwLttzm&m 1 £©»©¥*#» 

B©8B§££, 

WTBffcSttS £1 fc*W*fc-r3»*« 5 fcffi«©¥ 

whw©h&*&. 

[tmi 0] tufas' y 3 y^ftM©^ffi«> 75 xv 

33W^B©HJKfiSo 50 
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r N Hf, A 1 H&XF L a ©S©(pfr5aW2n;fc* 

^©rStta^fflv^^cvDttctoT, ttfas®± 

£Mf3;* 3»;V7as**&t- 5S> 'J 3 yWbKWPjjW-* 

fcSfcc £ *%m. tt%> ¥#tt«B©Sift£&. 

1 2 ] l«ES«K:* 6 £ Oa #x*mfr% z 

So 

m&m 1 3 ] mie* Z)\o&&££fc? % *y u 3 yint 
nay- nann?** d fcj&wpufc-r 1 1 fc 

mim \ 4] tufB^ ^;VSi«Mt§tilk^ti 

MfB&J©^^^7C«^ Zr, H f , AlMLaiDS 

[tt^i 5] tufasufc^m^nstufa^^^Tc^* 
tufas/ y 3->«^*-rs#BMt^ft©«*&«© 1/10 

Sg©K3g^& 

[W*«i 6] tufas' y 3 y$fl^fc#*£ft;fc^#;l/ 

0<N»/ (N» + Ns, ) <0. 5 

-efcsc siira&B 1 1 tffa«©*##sfi 

d»#3H n]^ ^;i/7c*^#*-r § s^ y 3 ymm% 

c v D <fc o T^^#SS±K^-r «xB«*tr#Ji 
¥#ft^#^£ftftg&^©S'y 3y^wrsw 
Mfas/y ?y%^m%mmit&m<Dem*mi&Lrm 

Mfa^^\©t5fa^ ^;vtc*%##-t 5*m#a©« 

%#tyc i:*WIII4:-r**»ft*5ll©8!Ji*& 

#tf&«*tiAn?-&fctts tuta^^©tufa><^;i/7t** 
##-r§wm^ti©«^»%?i / >*-&sx@^, 
Mfa^ti^©Mfa>< ^/p7E*«*rr s#«ft^«B©tt 

tuia^ $)VKm*^?%iim<tGW<Dm£;*w±Lrc 
m> tuia^^©tufas' y 3 y^m-rz^mit-em® 

#^B©«5i^?So 



(3) 

3 

m*w± Lfc&K® s nit mm* z ;i/7E***frr % 
[n^«2o] ma/ u n ytt^tz^Mt-smz, 

i/» ny<DT;l/a*'> P{b£We**t fcfcflffltfc-rs 

1 1X1417 tcfafc©¥2§ttSffl©iai£r£o 
[M$9 2 l ] MfEv' U 3 y©7;l/n^-> Fft^*tt» 
f F 7X h*^^5>t**S c 2 

0KtEM(otmfmm<D9BBfi&o io 

mm t-rzm&m nxan £»K©¥*tts»©ii 
ism 

2 3 ] mm* Z)\^m<DT)\s^**y ntsm 

2 2 fcjBK©3MM*3»©«ifcfrfe, 
[fPJ3©l¥»«J] 
COOOl] 

imxomtmmmi *mut. 20 

[0 0 0 2] 

[$*©&«] MO S F E T©fWBKbfc#V\ V- hm 

u 3 yfcffcuws' y a y^Sfbsmi, p^uthhy 

^Mm/ombfOc i^!52n mT*fiBMfc©ISII Kg L 

[0003] ^^/i/^^-rss/ya^aftai 
o^i^y n**i"j ^ vmmsiM^ 30 
$s) ©y- h^M'NOjiffl^w^nTv^o £© 
^ *;i^> y y-r m»«, mnmtfi/ u 3 y$<b§i * 9 1 

c#y s i g eW~vmm-fn-txt(Dm^m^\ 
[0004] ?-hn®frt><D#vy&WL*fflffl'?%rc 

tlTV* (WBB2 0 0 0-4 9 3 4 9) „ LfrL&tf 

* sic y- h«iiiisc*^T^ y kjwb 

[0 0 0 5] ***5'y*^hii©J»iKrttfcbTM\ 
(SiCOCzHs), : TEOS) #«};< JBV»5tttV3o TEO 

a, 7oo < cu±©fifi* < j2aj"e**o ^cts .fcofg 

«-eHBP««ff T E 0 S £ fcfciC*V>' (O 

3) fcfflVS^ffi"^ ^XTCVD^fflV&tlSo 50 
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[0 0 0 6] LfrL&#«P> N ^-yy^^Xv^l^fc 

^.mmmmmm'y^^mm-c^y^Eom 

[0 007] y ^ M»©jBjfc£ffi£Haw s 

£»]8fl5fcLTB\ ttT©«fc5fct>©#i&«. 
[0 0 0 8] tfBPF 5-2 3 9 6 5 0^&fS£fi, 

[0 0 0 9] #P?¥6- 1 6 0 6 5 7^fgfe, 

[0 0 10] «ffl|3p 11-1117 1 5#&f8E«, 7 

[0 0 1 1] ^¥5-2 2 6 60 8^^^ 

mtttzfrw >tj htm. mr^mmm^nm 

[0 0 12] 

[0 0 13] 2^K3tt±IB«e*©fHHK»LTft«nfc 
[0 0 14] 

im7-hWMm±KBf£-$nrc%Mz.*%&¥m 

{tUtt. Tffijfi^©^l©M^i:, ±ffij£^©^2©^ 

#u t&E^y3>^tiiK#w^nfc^^;wc^©j» 
[0015] *^K«s*iw*«ii©»afi*att, t 
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n->v^yWi*¥mfam&±fcBi$.?%j:mt, mm* 
$>irtm*^?%$tikKi<'V ^ymttmitLx, mm 

[oo 1 6] *mmc&%¥&fcgim<Dm7&ft& 

It, i/V3tZ^t^mWKt-emts Zr, Hf\ A 
lMLa ©S¥©tf frZMUZnfc* ^^ixM^mt 10 

mt, mm<D%im*m^ft^Mcvmc&ix. mm 
Mfo±icmm* zhTtm^M-t* *y v n ymmm 

[0 0 l 7] Sfc, *$ffllcff«JHMt$tt©MBA& 
it, *$>\oim%:tt?Zi'V3ym<tmitCVDK£. 

xyz^mzGMit&wtDmzmtfe-tzjint. m 
m-y u n y*^t%%mt£M<Dim*mt&Lrcm 20 

fc, M12^§^©^#;l^fS£##1-3W»fc^ti©#; 
WiT3#mi^i©#y&»£tiijn£€3iS^ £#t? 

[00 18] 

[0019] cm 1 (Dmmmm) &tf, mm*mmL 
x, *nm<om 1 (ommmzmwtZo 

[0 0 2 0] 11(1 Hi (Dmffi&MKfaZM I S (M 30 

0 s ) sm#m»* v 5 y >jk 2 k^x, v- v mm 
tLxm^2>*z>visv>r'(hm (isv^y*^t% 

%m&m^Lrct><Dx&z>o nnxit^^^Timth 

XZi (^Vnz^A) %m->X^%i)\ Hf (A7- 

<?20 . a 1 , La &y$y) m, 

*y V n yMimicmu? 3 <ihXi^)n ymcM £ Jfr* 

[00 2 1] BBlfcwf jt^'JWhBO 40 
if AttifilCfcl^T Z rOagj&HftfcfcftotVSo * 

X&Z&mitft < , ^;V->U ^ MI©Tffi]fi$©ft 

m x&ni£m\ 

[0 0 2 2] COcfcS&fcfiRfc-r 5£tt, Wftt^Hl! 
1f#*o -f&frti, *^»MiJ<D^Bt*5^Ttt, I? 50 
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KStLT^y S i S i GeWftJB, #1 
[0 0 2 3] 12(1 ±SELfcJ;5S:^cMU 

cy-hWNmcsas (n) %mxi,itm&D. ztr 

[0 0 2 4] C©<fc5fc:> ^^^>U^-f WI©±ffittl 

^ijsi^ysiGe %m^itm&s v-^y htL 
xm^z$vy^<D^nmw-hmwm*-gz>icte¥ 
mmfc^mrrzct*. mmmmtzcttfxz 

So Sft. Z r fcSSSI60SiS3W(MiiJ*nSfe«>, u-* 
*?^©iiAn^€^14©fgT^ *PWr S £ J: 3o * 

[0025] ^^;v->u er>r mi* ics* sns 

r , Hf, A 1 Rff L a ©if© 2 WmLtOnMH 1 ^ 

znx^x&&\,\ 

[0026] xmamkow&sfficovx. m 

3 (a) nmm3 (e) «#8BbTWWr«o 
[0 0 2 7] $1\ 03 (a) (C^-rJ:5^ iI#©Jg 
(H^fr-f) ^tft^UnySSi 

[0 0 2 8] ^(C, 03 (b) KTFt&SlC i/V^y 

mm 1 1 (omm±ic, z r s#Mm-> u 3 >ji 

1 2*»2nm*|IStrSo C ©IMMtf U 3 >M 1 2 
tt, CT^.«Z rCh, Si H«RtfHi*JBV\fcL P C 
VDgfci^TM^nSo j8@!W«:^il*tt«. 5 0 
Ot, 0. 5Torr-ea5£ 0 ZrChtSi H40gK*J:b 

*ffl»-r s z r ^##-r y 3 >at i 

[0 0 2 9] INMS'U 3^1 1 2fl Z r h 

s i *->fv hzmwcWyzv y?m%m^xm 

mvxi>^\ C<D®&lt, ZrXAv$Vy?tS i 

tj*v & y y>?<Drt r 7-it*Mmt s ct?, z r 
©e-**, nw^risj©if*^ifiE-rsci:3srar«iTf* 

[0 0 3 0] **5, Z r ©«Sfc!-^«, i&f bfelfS 
K^ynyMi 2©tf$n?&5&gttfc<, IHHIS'U 
nyli2 ©Tffiifi^©M^i:±ffiifill©«W^i:fcKS 



7 

[0 0 3 1] 03 (c) KmT&ofc. SSSS 

mt siMist^ v^ym 12 « u zr-> y ^ h 

KZr ^Mt^y y 3 >«fkB0 1 3 £«r s 0 
Zr5/'JWHl 3fcfc, INUCS/Un^Hll 2©Z r 
»K#flJ*EIR t 0 1 fcjjVT <fc 5*Zr »S^* 

3o 10 

[0 0 3 2] ^HK^y 3ygU 2©Tffij£$© 
[0 0 3 3] 03 (d) £jjVr«fc5K, ^XMjg 

fi*4oo , cfcu n 2 -f^x^mtm^m^x, zr 
j/'jwmi3 ©*is*3Hfcu a®^a<b^nfc z 

Z r S/ U -Jr-T MR 1 4 tt, 02 «T «fc 5 *S*afi# 20 
[0 0 3 4] ^C, 03 (e) Ktf-T&oK, f—bM 

stftsspy s i Gel oa«y s ii-efeirt is 

LPCVDte^ffl^Tttl 50nm*KWSo C£ 
T\ #y S 1 G el 1 5«i«(t1-SM^ «*tf 9 0 0 

[003 5] y V ^5 7 >f -IS, h M 

wx??-y?JM> <<*ywam. mmtr~-fix 
mm*mx, mi sMh^yvxfimi&ztiz ch* 30 
•rr) o sat, E*rg*«-t\ ¥*f*siitfs&*-r 

[0 0 3 6] W±©J:5fc, *nffi&MK£M£. 

)Wy y ^ hi!* 0* *;i^©«ft#*r**aKtt * 

^Hf^g^HSfSClii^T^So 40 
[0 0 3 7] $fc, ^^;l/7t^i:LTZ H f\ A 1 

Mmrnvm^z^yvrj mttv-btmmtLx 
[0038] sfc, xmtmmK&tiiz, tzfrtt/v 

ny<D2 tSRoJEBHc «fc o T INUtf U 3 yf&*&f&t 
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[0 0 3 9] £fe, *#)]/V—7>h5/V^yv~—7J£m 

vftc v d SfTfiMWS/ 'J 3 ym&f&tiftz 

-Kf$m*fi? c timt&tis:*) > mumom^mw 

^;^©/Npy>tt%fflv\ $/y ayy-xic^y 

^m^itmmi&ux^mimmx^ y , y < 
[00403 sft, o*^xvawtffi«, *fiK->u 
~> y m vm<o$*mattmr* e tmmt%% 0 
^{b-r § d i: x\ wmmm^^mtzmmmm^ 
[0041] 2 (ommmm) &tf. mm*&mL 
.^^vs/y^nR (^^7c*^ ; *t3>'y3 

*^Mf&mmt&fat, tzfrjm (z r, Hf, a 

[004 2] GtSSffigfil 2 - A ) *HSi^«, ^ ^ 
i/V*'(YW0t. fh7Xh^»7> (Si(0C 2 H 5 )4 : 
TEOS) >t'J~/hW K (Zr(0 

t-c4a.)«: ztb) ttm^x, mcwmxmmtzMx 

[0 0 4 3 ] 0 4 It, *mffifcMxm^% L P C V 

[0 0 4 4] s-f, 8^yf->unyi«mtu n 

s/vxyws. i o 3*R*s«« i o i mmm^n 
rt/^-y-tr^- 1 o 4±KMmt%o zzic, ass 

» 1 0 1 rt^K^^y - / 1 0 7 X*%m-t%o 
[0 0 4 5] fcfcWm 1 0 1 ftOffirttf 1 0" 2 TorrJXT 
CfBSLfc^ 7X7n-nyM3-7-l2 4Ml 
2 5tC<fcoT^»^3 0 OscciERSLfcA r#;**K 

iSs»F«3K:#A't*o fit, jExjit i o 8 tmmtz 

EftW&Wfl 0 6tC<fcoT, KJSgggl 0 1 rt©BE 
0Totri3:&&5K9m?&o SJSS^Hl 0 1 rtO 
E##££Lfd£, S^iP^t-^- 1 0 5fc«fcDIS« 
i o 3<Dtiam*M%itZo WSl i o 3©Sg(i> ^-fe^ 

^-104 imwznrcwmMtmmmffi 

m (0^-f) ^ffl^T> 5 9 5*CK*SJ:5fc8l!|»f 




[0 0 4 6] SSffl£tf££Lfc1& (Ozfi 
X) vX7n-3> hn-7- 1 2 3T*MM^2 0 
0scaiK*S«fc5KW»U 'W^l 4 3£iILT, S 

isssi o i *^«-f K«rr. T/i/rr^tf**, 

■7X70-3>Fo-7-l 2 IRtf 1 2 2T?*n^n 
1 0 0scc>fcfc*<fc3fcflSU HOHgSl 1 lfttf 1 

1 2icM-rcii:T\ »ro/v; >^«iww*. 
5©#xt>, *n*n/w/i 4 iRtf i 4 2*iiu 

KJS^H 1 0 1 fcrt-STlcUW. 10 
[0 0 4 7] M£M§§§ 1 1 1 fttttT EOS*", JICS^ 

ggi 1 2rtfci*zTBtf, ^-n^n^tJK^tiTv^o m 
m@mi i iatfi i 2&^tft$>, 7o c cf%%&5 
tcSAMfrrs. sfc, ffifttH 5 i&.m 5 2tmc 

ffi*»f3fi>W7 1 3 1 Rtf 1 3 2£ffll^T, HC&g§8 1 
1 IRtf 1 1 2fo<DE.m\ OOTorrfc&S 
<fc?fc:llffitSo C©<fc 5 TEOS«5 6sc 

cm, ZTB&l. 6sccn©i?iE»C&£i:Jf^£tl£o 
[0 0 4 8] Mft4>SKtf7 0*C£Sfi<fc«3&W'ci&, 

EJSSS&l o 1 ^ss^rx^iKi-rsEBRtf^^^ 20 

*-7yrtti|5JlflLT2 0 0 6 CTOC]!lPl^b, MM*ffi 

itf So $fc, 5/-v7-^y F 1 0 2fe, 

T2 0 O^CggldHJiiU 5/*V—^y FrtT?©Ji8B© 

j&iMitirso ccsr#j«ifti»& , r*i(i8Whf* 

[0 0 4 9] ^fcffiLTfcvrfclttffXfclBCSafX*, 

141, 1 4 2Rt>* 1 4 3*mftKW7 1 4 
4, 14 5Stfl 4 6A^i)fi§Ctti^ '>t7 
— *\<y F 1 0 2«^LTRJ6S»1 0 1 fttC^AU fig 
tt*H»&"r*o fiS»fRSfil O^T^So 30 
[0 0 5 0] 1 0&» 1 4 4, 1 4 5Rtf 

14 6£>VK/14 1, 1 4 2Rt?l 4 3^0^*. S 
CtKJ;D, TEOS, Z T B&lflWfcff*©EJ£«S 

rt^©ft^#±-r^o ^<D^a&*«t±bfe«, are 

1 0 5^©jI*&ffltL, £&1 o 

3 So fflssstf 2 o o °c s -efgT LfcSL a 

« l 0 3 fcEi&gS l 0 l &e>W)tii? 0 
[00 5 1] C0*5KLT}B*Lfe*W©!W*, x 
U^V^-^-^V-'TWffibfcfcCS, 23 7 nmO 
Z r^y^FHtJ^fiSSttTWfco $fc, £«il£« 40 
5 5 0°C, 5 7 O'CfcLT, ra«Oj«»*ffofeo ££ 

a*«B*fc«*nt, ±aLfc*frfcRn:^**. ^© 

i^H, 5 5 O'CTftt 1 9 1 nm, 5 7 Of?!* 1 7 6 n 
Lfc&©T*£So 

[0 0 5 2] ittKOfctf), T E O S ©i&fcfflV'Tj®!* 
fT^/co fi£§l©¥««:, J^Lfc©fc£<RI«T*So 
fcfcL, Z T B ©ffil&JitTfr&fro fc 0 gffiSg fi 5 7 
0 °CRtf 5 9 0 °C t LfCo *©tt*, ££££ 5 7 0 °C 
TfttO. 7nm, 5 9 0t-£t;t0. 9 nm©IIWT?o3o 50 
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T?fcSo 

[00 5 3] $fc, ZTB<0*^ffl^T5 9 5t:Tfig)K 

fco 

[00 5 4] CtlBOCtfrB, TEOS £ZTB©P5 
£tffc>frS 0 

[00 5 5] «±©«fc 5 £, TEOS ©%ft ($*&g> 
©1/1 0JKT©fr-f fr&Z T B^ilfc»S d t 
E cfe 0 , TEOS ©#©*£fc Jfc^T * 1 0 0 fflfftLh© 

fig)i5ts^#&n, *fflWftfi8BBsa-e©^^>u^ 

•Y hl&©Bfi£#We;&So 

[0 0 5 6] *fc, T««fiK:lBR»«^sy5XT 

H>*yyi* EtDit^m^m^mm^m^ < t 6 

0 0 tJ«T©ifc«8>M8BT?* JRC V D&tc £oT* 
^•J^M«t5i:i:^t5c etui, ZTB 
fc «t D T E O S (DjM&J&tNBMZtiZltlto-C&Zo 

[0057] z r $/>; W bmiz^miznrc Z r JUFft 

fc s i if ? Wfctcft-r s z r nm&ojw GBfigjt) 

«Zr/(Zr + Si) tS-T. *©^*, Z T B T 

Eos^mmc^mLx^Ltcun^it, zr/cz 

r + S i) AM 2~3 0%T**ofco ZTBiiT 
EOS©»ai*S!l»^"*Ci:tJ:D, Zr/(Zr + S 
i) *5~3 0%©«H-eHi>We*SCi:«StBLfe, 
[0 0 5 8] Zr/(Zr + Si) #**<4Sfc, » 

Z r 5/U<5r-f MS©Jtlf«»«W < 
Z.5t, ZrfcS l©Jt**#J»"rSCi:t«feD, Zr 
i/ U ^-T M«©flJI«**«9»tf * 5 ^ £ tcfcSo C © 

»S LV^»&{C«, Zr/(Zr + Si) tf'bZ < ^§ 
<fc5tC ZTBiTEOSO«l61*9»t«. 

&Ktt. Z r/ (Z r + S i) 5 fcU Z 

T B t T E O S ©il&MIIt So 
[00 59] (»8?ll 2 - B ) XMMl&Mte. * *h 
f'J^Mll*, TEOS^^W-^'J-y 
h^r^H (Hf (Ot-CiHi)i: HTB) %fflV>T, iCV 
DJStfidWI-SffifefeSo 3^*5B^H|Tft>, ±^Lfc^ 
ffl0B«2-Ara«, H4tC*LfeLPCVDSeB*fflV^ 

So 

[0060] s-f, s^yf-^ynyss^fflsu >& 

7KT«bfc7 v»*fflV>T. ->y 3 ygMBtfgfiSc 

tc, *s y n y»s i o 3 j&ass» i o i fyicmmzn 

X^ZV^fZ- i o 4±\Cfflm-?> 0 KiSSP 

giioi rt^ffl^y^ i o 7 T?*aws. 

[006 1] SJSSfl 1 0 1 rt©EE*«« 1 0" 2 TorrWT 
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2 5tJ:oTM%3 0 OsccifcKSLfcA r tfXfcH 

*ss»rtK»x-rso ^lt, ffi^w-i ostaHBrr* 

JE*Pfi^;l/7 1 0 6 fc ioT, 1 0 1 F*3©JE 

7Jtf 1 Torres J: 5 KIMW*. KJS§§§ 1 0 1 F»3©JEE 

«Wci ItKMfti:-*- 1 o 5 «fc offlg l 

0 3 0inJ»*IB»-rs. £S£i o 3©fi£tt, v^y* 

- 1 o 4 im?%&5Kmw$nrcmw$tmmffl®m 

(H^et*) 5 7 orKftSJ^KSfflrf 

So 10 

co o 6 2] s«iifi«^H£bfe», mm ft 7. (Ch # 

X) 7X7n-3yha-7-i 2 3 -egitStf 2 0 
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